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ABSTRACT

Recognition time as a function of digit size and brightness
was determined for white dial type digits on a dark ground. The
brizhtness range was from 0.003 to 0.1 féot-lambert. Average
recognition time under the most favorable conditions tried was
about 0.6 second. As size or brightness decreased, recognition
time increased, at first slowly and then more rapidly. The effect
of such secondary factors as individual differences, grouping of
dizits, and reduction in brightness contrast was relatively small
when size-brightness conditions were favorable, but tended to be
much larger when size-brightness conditions became difficult. So
far as the variables here investigated are concerned, it would be
desirable to maintain opérational conditions such that single digits
would be recognized by the median subject within about 0.7 second,
The necessary size-brightness combinations, however, would involve
complications with space limitations and dark adaptation, so practi-
cal compromises are necessary. ’
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RECOGNITION TIME FOR DIAL-TYPE NUMERALS
AS A FINCTION OF SIZE AND BRIGHINESS

SECTION I
INTRODUC TION

This report presents data on the time required to recognize numerals of
various sizes at various low brizhtness levels. The standard Army-Navy Aero-
nautical numerals shown in Fizure 4 were used. The height/stroke-width ratio
was 8/1. When numeral size was changed the design remained constant.

The effect of varying stroke-width, configuration, and other aspects of
numeral design was investizated in a parallel series of studies which will be
covered in subsequent reports. '

Of previous work on the size and brightness variables, the most relevant
was a war-time study by Craik (l). Craik determined the reading time as a
function of brightness for white dial type numerals on a dark ground -under
faint flood lizhting. The total brightness range covered was from about
0.0001 to 0.01 ft-L (foot-lambert). Four numeral sizes, subtending visual
angles in the vertical dimension of 15', 36', 1° 12!, and 2° 2l', were used
for different parts of the brightness range. Data were reported from two
subjects. It was found that, for each numeral size, reading time increased
progressively as brightness decreased. For a constant reading time of 1.5
sec., the dieit area varied approximately inversely with brightness.

The present study was similar to Craik's in general plan, but differed in
various details of instrumentation and procedure, and provided considerably
more data.

The brightness range was from 0,003 to 0.1 ft=L. In the main experiment,
i digits were presented singly at maximum brightness contrast Grouping of
* digits and reduced contrast were introduced later. :

In operational situations various systems of nizht cockpit lighting have
been tried, sometimes separately and sometimes in combination. Among them are
floodlighting, edge lighting of dials, phosphorescence of markings, fluorescence
of markings, and transillumination of markings. These systems are likely to
differ in uniformity of illumination within a given area, wave-length composition,
brightness of markings, and brightness of background. Such differences, rather
than differences among reflection, radiation, and transmission per se, are the
important ones for visual discrimination and dark adaptation,

The importance of uniform illumination over, for example, a dial face,
hardly needs comment. The superiority of the long wave end of the spectrum
for minimizing interference with dark adaptation is well known. Brightness of
markings is a factor in discrimination and also in level of adaptation., Bright-
ness of backzround is a factor in adaptation, is one term in the contrast
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between background and markings, and contributes to the visual frame of
reference which determines ease of accommodation and orientation.

The present experiments were concerned with visual discrimina“ion as a
function of the two illumination variables, brightness of markinzs and contrast
between markings and background, and the two non-illumination variables, digit
size and grouping.

An incéndesceht lizht source was used. The digits, background, and refer-

ence guides were projected from behind onto an opal flash glass viewing screen,-

and the field was therefore transilluminated. Brightnesses of figsure and
ground were separately controllable, and so far as these variables alone are
concerned, the visual situation was presumably comparable to that of a floodlit
surface of the same specifications.

The sections on apparatus and general procedure apply to all four of the

experiments reported. Conditions and results of the experiments will be
separately described, and a general discussion section will follow.

SECTION II

EXPERIVENTATION

A. Apparatus and General Procedﬁre

l. The ?rqjector ’

The digits were presented by means of a special projector which
permitted the size of the image to be continuously varied without loss of
focus. The projection screen was a piece of opal flash glass 12 in. square.
The front surface of the screen was viewed by the subjects at a distance of
28 in. The optical system for projecting the digits, positioned behind the
screen, had two moving elements, the lens and the slide holder. The light
source was attached to the slide holder and moved with it. Settings were
controlled by means of a crank which, through a rack and pinion, advanced the
lens and also rotated a cam. The cam varied the position of the slide holder
in such a way as to keep the image in focus. A camera lens of 5.5 in. focal
length was used. The total lens excursion was about 8 in. and that of the
slide holder a little less than 3 in. Imace height could be varied over a
range of four to one, from one-half to twice the size of the original. Over-
all length of the device, including the projection screen, was about 38 in.

The light for digit images was a 100-watt projection bulb operating
on 115 volts AC through a voltage stabilizer.




It was necessary to eliminate from the system a variation in image
brightness which occurred as a function of size. For this purpdse an iris
diaphragm, mounted at the lens, was SO geared to the drive mechanism that

. variation in the iris area provided an automatic compensatory light control
| and brightness was made independent of the image size settings.

To permit adjustment of image brightness to the level desired,
crossed polaroids and holders for Vratten neutral tint filters were positioned
between the lens and the slide holder.

This part of the light system was calibrated with a Macbeth illumi-
nometer. kLean readings of a series were reproducible within plus or minus 2%.

Rackzround illumination was provided by four flashlight bulbs at
the corners of an 8 1/2 in. square lacated 7 in. behind the projection screen.
These bulbs were operated at low voltage, and by suitable arrangements of
filters and diaphragms either all or part of the screen could be flooded by
1ight of controlled brightness. In the main experimental routine the
immediate background of the digit images was kept dark so brightness contrast
was maximal. But with only a digit image and no frame of reference in the
visual field, disturbing autokinetic movements tended to occur. Therefore,
on the lateral edges of the screen vertical strips about 1 1/2 in. wide by
12 in. hish were very faintly illuminated. This left a 9 by 12 in. central
region of the screen dark. The strips, which the subject could sez only
after some dark adaptation, were effective in minimizing the autokinetic
effect. .

This part of the light system was checked with a Taylor lgw brightness
meter. Brightness of the strips was estimated to be about 5 x 107° ft-L, but
was too near the lover limit of the meter for accurate measurement.

. A series of hoods effectively shielded the éubject's eyes and the
optical system from the experimenter's working light. i ‘

This projector could be used in two ways: (1) to obtain size thresholds
by startinz an image below the threshold of recognition and increasing the size
*  until it was correctly reported, and (2) as a convenient means of getting a
series of fixed image sizes. The first of these procedures was used in some
of the design studies to be reported later. In the work here reported, only
fixed image sizes were used. '

Slides for projection were prepared as follows. A cut-out of the
dizit about 1 9/16 in. high was made in black cardboard and pasted on glass.
This original was reduced in two steps, both reductions being transparencies
on Kodalith Ortho Type 2 film. The second reduction, providing a transparent
image about 3/16 in. hizh on a dark ground, was mounted over a hole in the
center of a square of black cardboard cut to fit the slide holder in the
projector. Dimensions of cardboard cut-outs were systematically checked,
photozraphic processes ‘were well standardized, and dimensions of second reduc-
tions were spot checked.
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2. The Control and Response Circuits

The digits were exposed by an electrically controlled shutter.
Response was registered by a throat microphone operating through an amplifier
and relay system. Recording was on a strip of polygraph paper which was
advanced by a constant speed motor at the rate of 13.2 mm. per sec. Then
the experimenter pressed a finser key the shutter was opened, a mark was
made on the polygraph paper, and a switch was closed in the amplifier output
circuit. A calibration test showed the shutter and polyeraph record to be
synchronized within 0.02 sec. Vhen the subject responded the shutter was
closed, a second mark was made on the polygraph paper, and the switch in
the output circuit was opened. The switch in the output circuit had the
effect. of making the microphone inoperative except in the short interval
between exposure and response. The length of this interval was taken as
the recognition time, and could be read in millimeters from the polygraph
paper. '

In designing these circuits it was necessary to adapt them in a
nurber of respects to features of the equipment already in use. Because of
such specialized details they would be of only limited interest and are
therefore not described in full. A description of a somewhat comparable
circuit for a throat microphone has been published by Roush and Hamburger (5).

3. General Procedure

The procedure was designed to determine the averace time in which
the digits could be correctly identified,

The subject was instructed to name the exposed digit as soon as he
could be sure of naming it correctly. On being given a ready signal the
subject watched the center of the screen. A digit or group of digits was
then exposed and remained until the subject responded. If the response was
incorrect, the item was repeated a little later in the series. The experi-
menter marked the order of the items on the polygraph record.

B. Detailed Procedure and Results

l. Experiment 1: Recognition Time for Digits Presented Singly
a. Conditions '

, This experiment was planned to provide the main body of data. Digits
were presented singly, against a dark ground, with the faintly luminous lateral
strips to provide a frame of reference. Four brightness levels were selected
at approximately equal logarithmic intervals, 0.003, 0.01, 0.03, and 0.1 ft-L.
At each brightness level a number of digit sizes were so chosen as to produce
recognition times from the fastest obtainable to several seconds. Complications
of experimental design made it advisable to limit the number of sizes per
brightness level to three or four. Considerable preliminary experimentation
was therefore done and three basic digit heights were settled on for each
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brightness, as follows:Y/ for 0.003 £t-L, 0436, 0.63, and 0.90 in.; for

0.01 ft-L, 0.26, 0.36, and 0.46 in.; for 0.03 ft-L, 0.1L4, 0.22, and 0.36 in.;

for 0.1 ft-L, 0.12, 0,18, and n.2L in. These sizes were incorporated in the

basic experimental design. As an aid in establishing the minimum response

times, oversize digits were also presented, twice the height of the largest
ness except at 0.003 ft-L, where because of

basic digits at each bright
467 taller than the largest basic digits.

apparatus limitations they were
imental time the oversize digits were divided into two sets

To reduce exper ;
and each set given to half the subjects, immediately after the regular trials

at each brightness level,

As a means of getting an estimate of simple response time in the
experimental situation, at the end of the regular routine seven of the subjects
were asked to respond immediately when they saw a light spot 1,26 in. in
diameter, with no discrimination required. These trials were at the same

brightnesses as the trials Jjust completed.

Subjects were male ¢ollege studehts with 20/20 vision on the Lebensohn
Test at 1L in. Sixteen subjects were used for two periods each. All had had
one period of previous experience in a somewhat related experimental situation.

A single period included either the two hisher or the two lowe:
brightnesses. At each brightness, the three basic sizes appeared in a pre-
determined order and then in reverse order. In the first appearance of each
size five digits were presented, in the second appearance the remaining five.
Sequences of digits, sizes, and brightnesses were rearranged among subjects

and periods to balance out the effect of serial position.

Ten digits, three sizes, and two brightnesses made 60 trials in the
regular design pattern, a trial being one presentation. The full schedule
for a subject's first period was as follows: eight practice trials, 30
regular trials at the first brightness, S trials on the oversize digits at
the same brightness, a short rest interval, 30 regular trials at the second
brightness, and 5 trials on the oversize digits at the same brightness. In
a second period the 8 practice trials were replaced by L warming-up trials,
and for 7 subjects the period was ended with from 8 to 11 trials on the light

spot.

If a digit wgslnot recognized in 10 seconds, the trial was terminated
and 10 seconds recorded as the score. ‘

b. Results * |

In Table IA are shown, -for the three basic sizes at each brightness

1/ Following the usual convention for dial numerals, digit heights are given
in inches. For rough estimates of visual angle equivalence, it can be
noted that at our experimental viewing distance of 28 in., a digzit 0.12 in.
high subtends 1L' L5", a 0.2l in. digit subtends just under 30', and a
0.48 in. digit just under 1°., Other conversions can be made from the

abscissa scales of Figure 1.
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the mean recognition times by individual dizits, and for all dizits combined;
for the oversize digits at each brightness, means of all dizits conbined; and
for the simple licht spot, a mean for seven subjects. For two of the seven
subjects, the lizht spot was at 0.003 ft-L, for three, at 0,01 ft-1L, and for

two, at 0.03 ft-IL.

At a given basic size and brightness, mean recognition times for
individual digits are based on 16 determinations (1 per subject), and for all
digits combined, on 160 determinations. Yeans for all oversize dicits
combined at a given brightness are based on 80 determinations (16 subjects,

5 dizits each).’ Mean response time to the lizht spot is based on L2 determina-
tions (7 subjects, 6 trials each). The first few trials with the light spot
sometimes produced erratic results, so trials were counted only after perform-
ance appeared to have settled down.

Means which include one or more of the arbitrary 1l0-sec. scores
resulting from terminating exposures at that interval are underlined in
Table I A. With one minor exception, the smallestdfgit size only at each
brightness is involved. The largest number of arbitrary scores entering into
a mean for the ten digits combined is 2L out of the total of 160 scores for
the 0,36 in. digit height at 0.003 ft-1, and the larzest number for a sinzgle
digit is five out of the total of 16 scores for digit 6 under the same condi-
tions. :

The mean scores for individual digits in Table I 'A show that, for
the largest disit size at each brightness, the range by individual digits
does not exceed 1.25/1, but for the smallest digit size the range at three of
the brightnesses exceeds 2/1. Even this ratio is not large compared to the
effects of some other variables. It is of interest to us in the present
connection because it reflects the fact that reducing digit size impairs
recognition of the difficult digits more than of the easy ones, ’

‘ The distributions of scores by subjects show certain characteristics
which are important for the type of application we are concerned with. " The
spread of performance within a group tends to be large, and to increase
progressively as conditions become more difficult. Furthermore, the scores
of the poorer-subjects are affected most by difficult conditions, so the
distributions show increasing skewness with increasing difficulty. A conven-
ient way to present these aspects of the data for a group of 16 subjects is
by quartile points. In Table I B are given, for the various size-brightness
combinations, the scores on ten digits combined which separate the group of
subjects into quarters, together with the means repeated from Table I A. As
short time represents better performance, scores decrease from the 25th to
the 75th percentile. : '

In Figure 1 the median recognition times have been plotted as a
function of digit height, and curves smoothed by inspection have been drawn
through the points for each of the four brightnesses. The inter-quartile
ranges are also shown by vertical lines through the plotted medians. ‘The top
end of the line in each case designates the 25th percentile point, the bottom
end the 75th percentile. The difference between the brichtness levels, and
the accelerated increase in recognition time with decrease in digit size, show
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TABLE I A

MEAN RECOGNITION TIMZS FOR DIGITS
PRESENTED SINGLY (16 ORIGINAL SUBJECTS)

RECOGHITION TIME (sec.)

BRIGHTNZESS «1 ft-L BRIGHTINESS .03 ft-L
_DIGIT HEIGHT (in.) DIGIT HEIGHT (in.)
1 1.79  1.30 .70 - 2.71 .84 7L --
2 1021 090 076 -~ I.9E QSJJ 069 S——
3 1.78 091 .76 - 2.61 085 o7h _—
L 1.53 86 75— 8L W87 77 -
5 1-7h 0_91 0611 hing m 082 072 -
6 1.339 1.03 170 b 2079 087 071 ——
7 1.12 091 c7h — 103; 077 067 -
8 2.20 1059 080 — 300’4 091 073 -
9 1.,;9 -88 070 - io?O .76 067 —
0 . Jl 1.12 077 - 3.28 .95 076 . bt
MEAN 170 1.0 .73 (L59) 2.5 .85 .72 (L59)
BRIGHTNESS 01 ft-1L BRIGHTNESS ,003 ft~L
DIGIT HEIGHT (in.) DIGIT HEIGHT (in.)
DIGIT 26 36 W6 .92 36 .63 .90 1.31
1 2.2} 98 W72 = 296 .79 8 0 —
2 i09; 097 072 — 300; 076 -7’4 -
3 5036 1-09 082 —— 5037 089 077 -
h 2-80 .9}4 077 haatnd 3.61 1.08 .72  —
5 E.gO 095 ) 0714 g Eoll 080 .72 batnd
6 2.50 1.06 . 073 - E.ll 076 .75 —
7 Io ; 5 091 069 - ‘ 2.05 070 .68 ——
8 m‘ 1.06 .72 —— 3093 1022 070 -
9 I-95 087 067 — 3-62 1.02 077 ——
0 2055 1.18 080 - _— m .86 .72 -
MEAN 2,29 1.00 W74 (e62) 3.6 W89 L72  (467)

Mean resgonse time to light spot for 7 subjects,
2 at .03 ft-L, 3 at .01 ft-L, and 2 at .003 ft-1), «32 sec.
trials per subject.
Underlined fizures include time scores irom L or more subjects arbitrarily
limited to 10 sec. Firures in parentheses based on only 5 digits per subject.
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TARIE I B

MEANS, MEDIANS, AND 25th AND 75th PERCENTILES OF THE DISTRIBUTIONS
OF RECOGNITION TIMES FOR DIGITS PRESENTED SINCLY (16 ORIGINAL SUBJECTS)

RECOGNITION TIKE (sec.)

BRIGHTNESS o1 ft-I BRIGHTNESS .03 ft-I
DIGIT HEIGHT (in.) DIGIT HEIGHT (in.)
W12 .18 .24 .18 .14 22 .30 .60
MEAN 1.7k 106 .73 (.59) 2,45 .85 «72  (.59)
75th PERCENTILE «86 .66 56 (.51)  1.05 ..64 .5g (+h9)
MEDIA.N 'lom 086 066 (058) I.H9 080 072 (053)
25th PERCENTILE 1.80 1.2 .81 (.62) B 1,05 .87 (.66)
BRIGHTNESS .01 ft-I, BRIGHTNESS 003 ft-IL
‘DIGIT HEIGHT (in.) DIGIT HEIGHT (in.)
.26 ’ .36 o)-l6 092 036 063 090 1.31
MEAN 2.29 1.00 oTh (462)  3.U46 89 .72 (L67)
75th PERCENTILE .93 o712 58 (.52) 1.6 61 .59 (.57)
MEDTAN I.I5 Bi 67 (.55) Z20 L6682 (+61)
25th PERCENTILE 2.86 1.22 79 (.65) B, 71 86 .73 (L67)
Vedian response time to. light spot, 7 subjects,

brightness range ,003 to .03 ft-IL. ¢33 sec.

Underlined fisures are based on distributions which include 1 or more scoreas
arbitrarily limited to 10 sec.

Figures in parentheses are based on only 5 digits per subject,
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TABLE I C

*EDIANS, AWD 25th AND 75th PERCENTILES OF THE

DISTRIBUTIONS OF RECOGNITIOM TIMSES FOR DIGITS PRE-
SENTZD SINGLY (16 SURJECTS, INCLTMING 5 REPLACEXANTS)

HEAN

75th PERCENTIIE
WRDIAN
25th PERCENTILE

MEAN

75th PRRCENTILE
VEDIAN
25th PERCENTILE

RECOGNITION TINE (sec.)

SRIGATNESS .1 ft-L

BRIGHTNESS .03 ft-L

DIGIT HEIGHT (in.)
.12 a8 .2 .8

DIGIT HEIGHT (in.)
022 030 .60

L]
-—

1.16 .8 .71 (.61)
.86 66 W56 (.51)

1,10 L1 65  (.59)
1.1 90 78 (.66)

BRIGHTVESS .01 ft-L

1.96 .80 .72 (.59)
1.06 6L .56  (.50)
.52 .78 .68  (.55)
.39 91 .80  (.6h)

BRIGHINESS .003 ft-L

DIGIT HEIGHT (in.)
26 «36 L6 92

DIGIT HEIGHT (in.)
.36 063 090 1'31 .

1.26 .85 69 (.62)

«95 .70 58 (.52)
1.05 .75 63 (.56)
1.36 90 W71 (.62)

2.7h .88 .73 (.68)

1.65 .62 .60  (.57)
71 L& (J61)
W87 .75 (465)

[l

Underlined figures are based on distributions which include one or more
scores arbitrarily limited to 10 sec.

Figures in parentheses are hased on only 5 digits per subject.
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Figure 1, Recognition time for digits presented singly as a function of digit height.
Curves show median performance of a group of 16 subjects. Vertical lines through
plotted medians show inter-quartile ranges. Reaction time to simple light srot is
median for 7 subjects at brightnesser from ,003 to .03 ft-L.
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Figure 2. Relation between digit height and brightness, for various recogni-
tion times. Median verformance of a group of 16 subjects. Derived from the
curves of Figure 1,
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RECOGNITION
TIME (SEC.)

.65 |

55

DIGIT HEIGHT—INGHES

003 .004 .005 007 .009 .02 .03 04 05 06 _.08 .1
.006 .008 .0l 07 .09

BRIGHTNESS—FT-L

Figure 3. Relation betreen digit height and brightness, for various recogni-
tion times. Performance at the 25th nercentile of a group of 16 subjects.

B | Derived from curves drawn through the upper ends of the inter-quartile lines
f | of Figure 1.
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Figure 4. Army-Navy Aeronautical digits used throughout the present study.
Height/stroke-width ratio 8/1 (7).
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clearly. Skewness is reflected in the greater length of the upper segments
of the inter-quartile lines as compared with the lower. Progressive increase
in spread and skewness with decreasing digit size is shown by the progressive
but asymmetrical lengthening of these lines.

~ Reverting to Table I B, it will be noted that the means are larger
than -the medians, particularly for the smaller digit sizes. This is an index
of positive skewness, as the means are more influenced by the extreme scores.

It may be helpful to point out that, under "easy" conditlons of size
and brightness, the score of the worst subject of our sixteen tended to be
about twice that of the mean of the group, while under "difficult conditions
it was more often three or four times the mean.

: It is unlikely that the general character of these results would be
substantially changed by further practice. Lumping all conditions together,
our original 16 subjects immroved not more than 10% between the mean of trials
1-5 and the mean of trials 116~120.

, Figures 2 and 3 are derived from Figure 1, but show digit size as a
function of brightness for various recognition times. This puts the data into
more convenient form for answering the question, "How large must a digit be for
recognition in a given time at a given brightness level?®. " The curves of
Figure 2 are in terms of median performance, and the plotted points are taken
directly from the curves of Figuwre 1. Those of Figure 3 are in terms of per-
formance at the 25th percentile, corresponding to recognition by three-fourths
of the subjects, and the points are taken from curves (not shown) drawn through

" the 25th percentile points of Figure 1. The displacement of the Figure 3

curves toward larger digit sizes is apparent.

It was desired to determine the effect of eliminating some of the poorer
subjects. As the design was set up for 16 subjects it seemed advisable to stick
to that number, so five subjects among those showing the largest number of ten-
second scores were replaced with the next five not previously used in this
experiment who qualified on the Lebensohn Test. This nearly eliminated the
ten-second scores, a total of ten such scores being divided between the smallest
digit sizes for 0.003 and 0.03 ft-L. The means, medians, and quartile points
for 16 subjects after the five replacements are shown in Table I C.

A comparison of Tables I B and I C gives a rough idea of the possible
gain from screening for low brightness acuity. The accelerated increase in
recognition time as digit size decreases shows in both groups and in all
indices. At the larger and more recognizable digit sizes, little systematic
difference between the groups is apparent. At the smallest digit sizes,
medians and 75th percentiles are relatively unaffected, but means and 25th
percentiles are substantially lower in Table I C, as would be expected from
eliminating the poorer subjects. In other words, the largest gain shows for
the more difficult conditions. As our modified group was not screened by
any generally reproducible criterion, Table I C is presented mainly for its
supplementary interest, and the discussion to follow will be referred
primarily to the data of Table I B and Figure 1.

2. Experiment 2: Effect of Digit Grouping on Recognition Time

a. Conditions

In this experiment each digit was presented both singly and between
two other digits. Zero and 5 were used as the flanking digits. For each of
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the test digits two new slides were prepared, in one of which the test digit
was flanked by O on the left and 5 on the right (the O x 5 pattern), in the
other by 5 on the left and O on the right (the 5 x O pattern). Spacing
between digits was 5.4% of digit height, measured between verticals tangent
to the outermost points of the digit contours. This is very close spacing
but within the range encountered in practice.

The experiment was planned to include a fair sampling of the size
and brightness ranges of Experiment 1 but on a smaller scale. Therefore
four brightnesses were used, but only one digit size at each, as follows:
for 0.1 ft-L, digit height 0.18 in., for 0.03 ft-L, 0.18 in., for 0.01 ft-L,
0.36 in., and for 0.003 ft-L, 0.36 in.

One further special condition should be noted. Single digits were
responded to as in Experiment 1, but in the group presentation the subject
named all three digits starting at the left. The recorded score is therefore
the time to the naming of one of the flanking digits rather than the test
digit in the middle position. Characteristically the subjects responded to
the set as a unit, naming the three digits in succession without noticeable
pauses. Brightness contrast was maximal as in Experiment 1.

, Subjects were male college students with 20/25 vision on the
Lebensohn Test at 14 inches, .and with from one to three periods of previous
experience in related experiments. A lower acuity qualification was held
to than in Experiment 1 because comparative rather than absolute recognition
times were the main concern. Four subjects were used for two periods each.

A single experimental period included either the two higher or the
two lower brightnesses. The 20 group slides were matched in the experimental
routine by two appearances of the 10 slides for single digits. Four arbitrary
digit sequences were prepared for 20 items (10 grouped and 10 single). The
first subject in his first period at the first brightness was.given the first
of these prepared sequences of 20 items, using the O x 5 group pattern only,
and the sequence was then repeated in reverse order with the same group
pattern. The LO items were then given again using the 5 x O group pattern.
At the second brightness, the entire procedure was gone through again with
a second prepared sequence of items. This made a total of 160 regular trials
for the period. In the second period, the two remaining brightnesses were
given with the third and fourth of the prepared item sequences. For the
remaining subjects the sequences, brightnesses, and group patterns were
rearranged to balance out the effect of serial position. The full schedule
for a period included four to eight practice or warming-up trials, and a
brief rest interval between the two brightnessses.

b. Results

In Table II appear, for grouped and-single presentations separately
at the several size-brightness combinations, mean and median recognition
times on the 10 digits combined, and on nine digits combined the 1 being
omitted. Means were computed without. the 1 because in our group slides the
stroke of the 1 was spaced from adjacent contours by the same distaxce that
separated the vertical tangents in the case of other digits. Crowding of
the 1 to this extent would often be avoided in practice, so means based on
nine digits may be the more valid for our purposes.
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TARLE II

MEAN AND MZDIAN RECOGNITION TI:ES FOR
DIGITS PRESENTED SINGLY AND IN GROUPS (L SUBJECTS)

M
x4
;
B
:
P
&
%
&
g

RECOGNITION TIME (sec.)

BRIGHTNESS .1 ft~L BRIGHTNESS .03 ft-L
DIGIT HEIGHT .18 in. DIGIT HEIGHT .18 in.
A A
SINGILE GROUPTD DIFF. SINGLE GROUPZD DIFF.
ATL MEAN .69 oTh 7 .80 .85 6
DICITS MEDIAN .70 o712 3 .78 .80 3
DIGIT 1 MEAN .70 73 L .81 8L L
OMITTED  MEDIAN .71 .70 -1 .78 .80 3
BRIGHTNESS 01 ft-I BRIGHTNESS .003 ft-L
DIGIT HEIGHT .36 in. DICIT HEIGHT .36 in.
Z %
SINGLE  GROUPED DIFF. SINGLE CROUPED DIFF. ‘
AIL MEAN 83 ¢92 11 3.77  (5.64) 50
DIGITS MEDIAN .8l «90 7 7.8 (L.60) 62
DIGIT 1  VEAN .85 .89 5 L0k 5.5 37
OMITTED MED ‘ 86 .88 2 2.99 L.L3 L8

Underlined figures are based on distributions which include one or more
scores arbitrarily limited to 10 seconds.

Figures in parentheses are based on a distribution from which five of the
16 scores for digit 1 are missing.
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At a given size-brightness combination, means for 10 digits combined
are based on 160 determinations (L subjects, L trials per subject per digit)
and means for nine digits on 1lb. :

The original plan called for limiting scores to 10 seconds as in
Experiment 1, but when it became apparent that at the lowest brightness the
number of scores running over 10 sec. would be substantial, this practice
was abandoned and the actual times recorded. At this point, one score for
a single digit and six scores for grouped digits at 0.003 ft-L had already
been counted as 10 sec.

In five instances out of 16 at 0.003 ft-L, the grouped digit 1 was
not reported even after repeated tries. Such a failure to identify could be
considered equivalent to a very high time score. Rut no allowance for these
cases was made in the computations, the data of Table II being based on the
scores actually recorded. The mean and median for 10 digits in grouped
presentation at 0.003 ft-L should therefore be considered minimal values.

It will be seen from the means and medians based on nine digits
that, for three of the conditions, grouping increased recognition time by
not over 54. These three conditions were relatively %“easy" ones. For
0.36 in. digits at 0.003 ft-I, recognition times were four or five times as
long as for the other conditiuns on the average, and here the grouping made
a difference of about L0%4. Such an interaction is characteristic for the
type of variables dealt with.

The percentage increase produced by grouping tends to be higher
when digit 1 is included, as would be expected from the fact that the crowded
1l is relatively difficult. )

If we compare each mean with its corresponding median, it is seen
that the means are only slishtly larger than the medians under easy conditions,
but 25 to 30% larger for the 0.36 in. digits at 0,003 ft-L. This reflects
the fact that performance of the poorer subjects was impaired relatively more
than that of the good subjects by the difficult size-brightness condition, as
was found for the larger groups in Experiment 1. o

3 Expefiment 3: Effect of Digit Grouping on Recognition Time
a. Conditions

In this experiment single and grouped digits were compared as in
Experiment 2, but conditions were different in the following respects.

The plan was designed to provide more extensive data at one brightness,
0.03 ft-L. Four digit heights were used, 0.1k, 0.18, 0.30, and 0.36 in.

Subjects responded only to the middle digit of a group rather than
to the set.

Student subjects were not available because of a break in the school
year. Therefore four male members of the staff, ranging in age from 19 to L6
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years, were used for two periods each. These subjects had from one to
several periods of previous experience in related experiments, and qualified
with 20/25 vision on the Lebensohn Test at 1h in.

i A1l four digit sizes were presented in each period. The first
subject in his first period was given, for each digit size, one of the 20-
item sequences from Experiment 2 with the O x 5 group pattern, followed DY
the same sequence in reverse order with the 5 x O pattern. This made 160

I regular trials. For the remaining subjects, item sequences were inverted

! and size sequences rearranzed to balance out the effect of serial position.

! For each subject, the second period was 2 repetition of the first. The full

3 schedule for a perind included from four to eight practice or warming-up

1 trials, 'and brief rest intervals between the sizes.

b. Results

Tn Table III are shown, for grouped and sincgle presentations
separately at the several digit sizes, mean and median recognition times
on the 10 digits combined, and on 9 digits combined, the 1 being omitted
as in Experiment 2.

! One score for dizit 1 was lost because of failure to identify after
repeated tries.

é‘ : The means and medians based on nine digits show increases of
recognition time resulting from grouping up to 25%. '

|

l; : The expected tendency for grouping to have more effect under the

o more difficult conditions does not show, probably because the range of

i ~ difficulty is small.
|

i ’ The percentage impairment is a 1ittle hizher on the average with
digit 1 included, but there are a number of inversions.

The interaction of difficulty with skewness shows, even though the
difficulty range is small. For the two larger image sizes, where the
recognition times fall at 0.8 sec. or below, the means tend to be slichtly
‘ smaller than the medians. For the smaller image sizes, with somewhat longer

recognition times, means exceed the medians by increments up to 27%.

The over-all effect of digit grouping was enough larger in Experi-
ment 3 than Experiment 2 to suggest that the different method of reporting
may have been a factor. The scores of Experiment 3 measure responses to
the middle digit only. They are therefore a more direct index of the
recognizability of that digit than those of Experiment 2 in which the three
digits were responded to as a group.

he Experiment L: Effect of Digit Grouping and Reduced Contrast on
Recognition Time

a. Conditions
In most floodlishting systems the background would have somewhat




TABLE IIX

MEAN AND MEDIAN RECOGNITION TIMES FOR DIGITS
PRESENTED SINGLY AND IN GROUPS. BRIGHTNESS 03 ft-L (L SUBJECTS)

RECOGNITION TIME (sec.)

_DIGIT HEIGHT ik 12, DIGIT HEIGHT .18 in.
%

SINGLE GROUPED DIFF. SINGLE GROUPED DIFF.
ALT MEAN 1.56 1.82 17 1.12 1.38 23
DIGITS ¥EDIAN 1.48 1.h3 -3 1.00  1.16 16
DICIT 1 MEAN , 1.59 1.75 10 1.15 1.38 20
OMITTED ¥EDIAN 1,50 1.50 o} 1.02 1.1h 12
DIGIT HEIGHT .30 in. DIGIT HEIGHT .36 in.
% %

SINGLE GROUPED DIFF. SINGLE GROUPED DIFF.
ALL MEAN ' .68 (.78) 15 N .73 L
DIGITS MEDIAN .66 (.80) 21 .66 .7h 12
DIGIT 1 MEAN 67 .78 16 6L o72 12
OMITTED MEDIAN .6l " 480 25 66 .73 11

Figures in parentheses are based on a distribution from which one of the 16
scores for digit 1 is, missing.
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greater luminosity than our dark screen in Experiments 1 to 3, with
corresponding reduced brightness contrast between numerals and ground.
Tnis factor, combined with grouping, was tested in Experiment L.

For this purpose provision was made for floodinz the entire 12
by 12 in. screen with 1izht at 0.003 ft«L. The grouped dizits were prrojected
asainst this ground at 0.03 ft-I,, The effective brightness for grouped
digits was therefore 0.033 ft-L, and the contrast ratio 0.21. Single digits
for comparison were projected against the original dark ground, at a bright-

ness of 0,03 ft~L.

Three digit heights were used, 0.22, 0.29, and 0.36 in. In the
grouped presentation, subjects responded to the middle digit only.

Six male student subjects, with 20/25 vision on the Lebensohn Test
at 1L in., and without previous experience, served for one period each.

Three sequences of 20 items were prepared. The [irst subject, for
each of the three dizit sizes, was given 10 items from the first sequence
with digits presented singly against the dark ground, followed by 10 items
with the grouped digits against a light ground, using the O x 5 group pattern;
the series of 20 was then repeated in reverse order with the 5 x O pattern.
This made 120 regular trials for the perisd. For the remaining subjects,
jtem sequences, blocks of sinzle versus grouped digits, group patterns, and
digit sizes were rearranged to balance out the effect of serial position.

The full schednle for a period included five to eight practice trials and
brief rest intervals between blocks of 10 dizits.

b. Results

Tn Table IV appear, for the two arrangements separately at the three
dizit sizes, mean and median recognition times on the 10 digits combined, and
on nine digits combined, the 1 being omitted as in Experiments 2 and 3.

At a given digit size, means for 10 dizits combined are based on
120 determinations (6 subjects, 2 trials per subject per d4isit), those for
nine digits on 108.

The means and medians for nine dizits in Table IV show increases of
recognition time resulting from grouping and reduced contrast up to 15%. It
will be noted that the grouped digits had an advantage in absolute brizhtness
of 104 over the singles digits. This diffsrence was tolerated hecause
eliminating it would have complicated the process of changing from one condi-
tion to the other in the experimental routine. So far as can be judged from
the data of Experiment 1, this could shorten response times in the neizhbor-
hood of 1% at the two larger digit sizes, and possibly 4% at the 0.22 in. size.
Making due allowance for this factor, the impairment from grouping and reduced
contrast together would still not be quite as large as from grouping alone
shown in Table ITI. This result is not as unreasonabls as it mizht appear.
Differences between groups of subjects could be a contributing factor. The




I W N PR YN P T TN S N TR S A N P P N P RN

TABLE IV

MEAN AND MEDIAN RECOGNITION TIMES FOR DIGITS PRESENTED

SINJLY AGAINST A DARK GROUND (SglDk) AND IN GROUPS

ACATNST A LIGHTER GROUND (GrpLt). BRIGHTNESS 033 ft-L.
(6 SUBJECTS)

RECOGNITION TIME (sec.)

DIGIT HEIGHT DICIT HEIZHT DIGIT HEIGHT
$22 in. «29 in, «36 in,
% % %
' Sglbk GrpLt DIFF. SglDk GrpLt DIFF. SglDk GrpLt DIFF.
ATL MEAN .78 .88 13 gL 8 8 70 .78 11
DIGITS MEDIAN .76 .8l 11 72 .80 11 .67 .78 16
DIGIT 1 MEAN o 79 .86 9 .75 .78 L Rl .78 10
OMITTED MEDIAN .76 .82 8 «73 .78 7 .68 .78 15
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difference hetween a contrast ratio of 1.0 and 0.91 is not large, and
impairments from grouping and contrast together would not necessarily be
additive. 1In this type of situation, moreover, the increased lizht in
the background could aid discrimination by bringing the adaptation level
closer to that of the fest object, and by providin: 2 better frame of
reference for accommodation adjustments.

Thile the scores can be seen to vary inversely with dirit size,
the range of difficulty is too small for the interaction of difficulty with
either the grouping effect or skewness to show. ¥ith disit 1 included, a
larger crouping effect is suggested, but the differences are small,

Co. Discussion

It will te noted that the mean reachion tim: % 1 simple lisht spot in
our situation was 0.32 sec. This is 2 slow reaction time for male college
students, but not unreasonabls in view of the low brishtness and the aXxperi-
mental context.

The fastest mean recosnition times for dizits by a groun of our subjects
were In the neighborhood of 0.6 sec., and medians a little smaller, with the
-curves not ‘quite leveled off. This agrees well enouch with mean dizit
recognition times reported by Saltzman and Garner (6, p. 236) of 0.46 to
0.50 sec., at the hither brightness level of 2.0 effective foot-candles, with
recording through a throat microphone.

Our results can be compared with Craik's (1) in the region where the
upper part of his brichtness range overlapped the lower part of ours. The
agreement is not at all good. At 0.0l ft-I Craik reported reading times of
about, 1.5 sec. for digits subtending a visual angle of 15'. From our
Figure 1 it can be inferred that the median subject would recomnize a 15!
digit at 0.0l ft-L only after several seconds, and a subject at the 75th
percentile of our group would not do much better. As =n informal check, an
experienced subject observed digits of that size an3 brightness in our
situation in both the American Aeronautical desisn and in Graik's design,
which has & thicker stroke. Both types of digits couvld be identified better
than chance, but in most cases the subject could be "reasonably sure® as
required by our formal instructisns only after some seconds, if at all.

A further check on these discrepant results is available from a quite
different series of experiments carrisd out in this Laboratory and reported
elsewhere (g). In this series the subjects had the task of reading numerals
in various sizes printed black on white at a reading distance of 1L in. The
6-point type in this series subtended a visual angle between 15' and 16'.
The type was of a different styls from the Aeronautical design, but the
visual field was favorable for good accommodation. Subjects had the option
of not complsting a 50-item trial after attempting a few items if the material
seemed unreadable. Of 12 subjects presented with the 6-point type at 0.01
- ft-L, five gave up, six finished the trial with error scores slightly better
than chance, and one finished with a score substantially better than chance,
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It may be that Craik's two subjects had unusually sood vision, or it
may be tha®t his task was different from ours. The report of Craik's work
available to us is a Flyinz Personnel Research Committee summary which does
not give much detaill of experimental procedure. In closely related studies
Craik used a dial reading task. If this was the test also for numeral
legibility, position cues mizht account for the higher level of performance.
Qur study was directed at the legibility of numerals per se, without secondary
cues or superimposed tasks.

Craik's results can be compared with ours on a second point. Craik
found that, for constant legibility, the square of the digzit height varied
approximately inversely with the brightness. For the relatively small bright-
ness region from 0,003 to 0,01 ft-L common to the two experiments, our data
are not inconsistent with this finding. But as brightness increases further
a point is reached at which digit area for constant recognition time no
longer decreases and the relation breaks down. The longer the recognition
time the lower this critical brightness value.

Interpretation of our own results will be based mainly on the data of
Table I B and Figure 1. It is therefore well to have in mind possible
limitations of these data. If means instead of medians had been plotted in
Ficure 1, the upper branches of the curves would extend much higher and the
drop would be steeper, but the relatively level regions would start only a
little farther to the right. The curve for 0.003 ft-I would level off some-
what above the level for medians. Most of the inferences to be drawn about
practical applications wonld be affected very little.

If medians and quartiles from our modified group of Table I C were .
plotted instead of those from the original group, the medians and the bottom
ends of the inter-quartile lines wo»ld fall a little lower on the average,
the difference beingz generally less than 10%. The upper segments of the
inter-quartile lines would be shortened down to make the lines almost
symmetrical around the medians, resulting in considerable change at the more
difficult size-brightness conditions, but relatively little change in the
level rezions of the curves where the inter-quartile ranges are small. The
picture, then, would be about the same at the easy size-brightness conditions,
and about the same throughout for subjects at the median of the group or
above, but quite different at the more difficult conditions for those at the
25th percentile.

Sixteen subjects are not a large sample, but in addition to the five
replacement subjects we have 1l new subjects in Experiments 2 to U, for an
over-all total of 35. If we make such comparisons as are possible among the
experiments on the basis of identical conditions, the performance of the
smaller groups is found to vary around that of the original group of 16, in
spite of the fact that they were selected by a lower criterion on the
Lebensohn acuity test. Figure 1, therefore, can be taken to represent fairly
well the central tendency of all our data.

Considering the curves of Figure 1 it will be noted, not only that they
approach final levels as digit height increases, but the final levels for all
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four brightnesses fall between 0,50 and 0.5 sec. In other words, once
recognition time has been reduced to a certain point, further increases in
either size or brightness will have very little effect. If we should desire
to assign an arbitrary value to this critical point for the median subject,
a reasonable choice would be 0.70 sec.

To permit recognition by the median subject within 0,70 sec., a digit
at 0.1 ft-L would have to be no less than 0.23 in. high, a digit at 0.03 ft-L
would have to be 0.30 in. high, one at 0.01 ft-L, O.lk in. high, and one at
0.003 ft=L, 0.54 in. high. ,

A comparable cut-off point for the 25th percentile, permitting recogni-
tion by three-fourths of the subjects within about the same size-brightness
limits, would be 0.85 sec. For mean scores, the corresponding cut-off value
would be between that for the medians and the 25th percentiles.

Above the cut-off point, changes in either size or brightness have
relatively large effects on performance. As previously indicated, the same
general relation holds for secondary variables as for size and brightness.
Such factors as differences between subjects, digit grouping, and a moderate
reduction in brightness conirast modify the lower branches of the curves
very little. Our data on the effect of individual differences and digit
grouping extend to the more difficult size-brightness combinations, and here
the effects are large.

To minimize variability of recognition time in operational situations,
it would be desirable to keep the size-brightness combinations within the
regions covered by the lower branches of the curves in Figure 1. But other
considerations make this an impractical goal. For example, the size and
design of dial faces sometimes makes it necessary to limit digit height to
3/16 in.; but to bring digits of this size within the desired region the
brightness would have to be 0.1 ft-L or above; that of 1/3 in. digits would
have to be even greater. Such values of white light would result in a sub-
stantial loss of dark adaptation. Even with red licht they would be too
high for adequate adaptation in some situations. Craik (1) sugzests an
upper limit for red lighting of 0.05 ft-L. If brightness is held below
these values, it is necessary to accept somewhat loncer, and more variable,
digit recognition times.

For a proper interpretation of red lisht values in this connection it
is necessary to note that red light has been reported by the Admiralty
Research Laboratory (3) to be superior to white light for acuity and reading
functions at brightnesses below about 0.1 ft-=L. It is stated that in the
neighborhood of 0.06 ft-L, for equal speed of reading unrelated words,
about 60% more white than red lirht is required. On this basis Craik's
upper limit of 0.05 ft~L for red would be equivalent to about 0,08 ft~L for
white. '

For a digit at a brightness of 0.08 ft~L (white lisght) to be recognized
in 0.7 sec. by half the subjects, or in 0.85 sec. by three-fourths of the
subjects, it would have to be about 1/h in. high. If it is assumed that space
limitations make 1/4 in. numerals impractical, it follows that no clear
optimum is indicated. Compromise adjustments will depend, not only on data
such as these, but on various related considerations as well. A few examples
can be given. Loucks (E) found some evidence of greater confusion with larger
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dial numbers because of the difficulty of relating them to the appropriate
scale marks. The marks in question, however, may have been insufficiently
differentiated on the dials he used. Legibility of numerals per se may be
less critical on dial scales, where the spatial arrangement becomes familiar,
than on odometers where the numerals stand alone. If types of operational
situation can be distinguished requiring different habitual levels of dark
adaptation, the amount of red light provided could be varied accordingly.

If certain numerals which had to be read occasionally could not be made large
enough for legibility under standard red floodlighting, a supplementary red
spotlight might be used for a few seconds without serious loss of dark adapta-
tione.

D. Conclusions

Average recognition time for dial type digits 0.L48 in. high presented
singly, at a brightness of 0.1 ft~L with maximum contrast, is approximately
0.5 sec.

Decreases in size or brightness from this level produce at first a
gradual and then a more rapid increase in recognition time.

If it should be desired to select a cut-off point in terms of recognition
time, above which the time increases rapidly as conditions become less
favorable, the data here reported suggest 0.7 sec. for the median of a group
of subjects. To permit recognition within this interval, a dizit at O.1 ft-L
would have to be 0.23 in. hizh, one at 0.03 ft-L would have to be 0.30 in.
high, one at 0.0l ft-L, O.hl in. hizh, and one at 0.003 ft-L, 0.4L in. high.

A comparable cut-off point for the 25th percentile, permitting recogni-
tion by three-fourths of the group within about the same size-brightness
limits, would be 0.85 sec.

In the region where the effzact of size and brightness is relatively
small, the effect of secondary factors such as differences between subjects,.
grouping of disits, and moderate reduction of brightness contrast, is also
relatively small; where a reduction in size or brightness is sufficient to
produce a largze increase in recognition time, the effect of the secondary
variables is also large.

Unfavorable conditions impaif the performance of the poorer subjects
relatively more than of the better subjects.

Size-brichtness combinations below the cut-off point involve either
dizits that are too large for availablzs dial space, or brightnesses too high
for the preservation of dark adaptation; in operational situations, corpromises
are therefore necessarye.
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